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Description 

[0001] The present Invention relates to an expanda- 
ble stent. 

BACKGROUND ART 

[0002] Stents are generally known. Indeed, the term 
"stent" has been used interchangeably with terms such 
as "intraluminal vascular graft" and "expansible prosthe- 
sis". As used throughout this specification the term 
"stent" is intended to have a broad meaning and encom- 
passes any expandable prosthetic device for implanta- 
tion in a body passageway (e.g. a lumen or artery). 
[0003] In the past six to eight years, the use of stents 
has attracted an increasing amount of attention due the 
potential of these devices to be used, in certain cases, 
as an alternative to surgery. Generally, a stent is used 
to obtain and maintain the patency of the body passage- 
way while maintaining the integrity of the passageway. 
As used in this specification, the term "body passage- 
way" is intended to have a broad meaning and encom- 
passes any duct (e.g. natural or iatrogenic) within the 
human body and can include a member selected from 
the group comprising: blood vessels, respiratory ducts, 
gastrointestinal ducts and the like. 
[0004] Initial stents were self-expanding, spring-like 
devices which were inserted in the body passageway in 
a contracted state. When released, the stent would au- 
tomatically expand and increase to a final diameter de- 
pendent on the size of the stent and the elasticity of the 
body passageway. An example of such a stent is known 
in the art as the Wallstent™. 

[0005] The self-expanding stents were found by some 
investigators to be deficient since, when deployed, they 
could place undue, permanent stress on the walls of the 
body passageway. Further, upon expansion, the stent 
would shorten in length in an unpredictable fashion 
thereby reducing the reliability of the stent. This led to 
the development of various stents which were control- 
lably expandable at the target body passageway so that 
only sufficient force to maintain the patency of the body 
passageway was applied in expanding the stent. 
[0006] Generally, in these later systems, a stent, in as- 
sociation with a balloon, is delivered to the target area 
of the body passageway by a catheter system. Once the 
stent has been properly located (for example, for intra- 
vascular implantation the target area of the vessel can 
be filled with a contrast medium to facilitate visualization 
duringfluoroscopy), the balloon is expanded thereby ex- 
panding the stent by plastic deformation so that the latter 
is urged in place against the body passageway. As in- 
dicated above, the amount of force applied is at least 
that necessary to maintain the patency of the body pas- 
sageway. At this point, the balloon is deflated and with- 
drawn within the catheter, and subsequently removed. 
Ideally, the stent will remain in place and maintain the 
target area of the body passageway substantially free 



of blockage (or narrowing). 

[0007] A stent which has gained some notoriety in the 
art is known as the Palmaz-Schatz™ Balloon Expand- 
able Stent (hereinafter referred to as "the Palmaz- 
5 Schatz stent"). This stent is discussed in a number of 
patents including United States patents 4,733,665, 
4,739,762, 5,102,417 and 5,316,023. 
[0008] Another stent which has gained some notoriety 
in the art is known as the Gianturco-Roubin Flex-Stent™ 
10 (hereinafter referred to as "the Gianturco-Roubin 
stent"). This stent is discussed in a number of patents, 
including United States patents 4,800,882, 4,907,336 
and 5,041,126. 

[0009] Other types of stents are disclosed in the fol- 
lowing patents: 

United States patent 5,035,706 (Gianturco et al.), 
United States patent 5,037,392 (Hillstead), 
United States patent 5,147,385 (Beck et al.), 
United States patent 5,282,824 (Gianturco), 
Canadian patent 1,239,755 (Wallsten), and 
Canadian patent 1 ,245,527 (Gianturco et al.). 

[0010] While these prior art stents have achieved a 
varying degree of success, the art is constantly in need 
of new stents having improved flexibility and stability 
while being able to be readily implanted with little or no 
trauma to the target lumen. 

[0011] In our Canadian patent application number 
2,134,997 (Penn et al.) there is described an improved 
expandable stent. The stent comprises a tubular wall 
disposed between the proximal end and the distal end. 
The tubular wall has a longitudinal axis and a porous 
surface defined by a plurality intersecting members ar- 
ranged to define a first repeating pattern. The first re- 
peating pattern comprises a polygon having a pair of 
side walls substantially parallel to the longitudinal axis. 
A first concave-shaped wall and a second convex- 
shaped wail connect the side walls. The first wall and 
the second wall are equidistant along an axis which is 
parallel to the longitudinal axis. The stent is expandable 
from a first, contracted position to a second, expanded 
position upon the application of a radially outward force 
exerted on the stent. 

[0012] As disclosed in the '997 application, the first 
repeating pattern can be implemented in, inter alia, a 
mono-tubular expandable stent and a bifurcated ex- 
pandable stent. 

[0013] While the stent disclosed in the '997 applica- 
tion is an advance in the art, in certain cases, a signifi- 
cant force is required to achieve expansion in the target 
body passageway. Further, implantation of the stent dis- 
closed in the '997 application can be difficult in certain 
situations where the unexpanded stent must travel 
through a significantly curved pathway to the target body 
passageway. 

[0014] Accordingly, it would be desirable to have an 
improved stent which overcomes these disadvantages. 
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It would be further desirable if the improved stent could 
be readily adapted, inter alia, to mono-tubular expand- 
able stents and bifurcated expandable stents. The latter 
type of stents would be useful in treating aneurysms, 
blockages and other ailments. It would also be desirable s 
if such a stent was relatively easy to implant. It would 
be further desirable if such a stent were capable of being 
uniformly expanded at relatively low pressure while ob- 
viating or mitigating longitudinal shrinkage thereof. It 
would be further desirable if such a stent were not sus- 10 
ceptibie to asymmetric internal coverage of the body 
passageway, a problem associated with "coir-type 
stents - see, for example, United States patent 
5,282,824 (Gianturco). It would be further desirable if 
such a stent was not susceptible to movement along the is 
longitudinal axis of the body passageway during or after 
implantation. It would be further desirable if such a stent 
was characterized by a desirable balance of lateral flex- 
ibility in the unexpanded state and radial rigidity in the 
expanded state. 20 
[0015] EP-A-0 669 114 (Fischelletal.Jteachesapost- 
deployment stent structure having two undulating longi- 
tudinals - see Figure 8, column 3, lines 33-36 and col- 
umn 4, line 55 to column 5, line 8. in Figure 8, of Fischell 
et al. the undulating longitudinal contains a series of S- 25 
shaped sections which occupy the entire space be- 
tween adjacent rings (12). In Fischell et al., the forces 
received by the S -shaped section are focussed directly 
on the point where this element is connected to the ad- 
jacent rings (12). 30 
[0016] WO-A-96/03092 (Brun et al.) teaches a stent 
having first and second meander patterns disposed or- 
thogonally with respect to one another where the first 
meander pattern consists of rounded loops (20) which 
occupy the entire space between pairs of the second 35 
meander pattern - see Figure 7. In Brun et al. , the forces 
received by the loops (20) of the first meander pattern 
are focussed on the point where these elements are 
connected to the adjacent second meander pattern. 

40 

DISCLOSURE OF THE INVENTION 

[0017] It is an object of the present invention to pro- 
vide a novel expandable stent which obviates or miti- 
gates at least one of the above-mentioned disadvantag- *s 
es of the prior art. 

[0018] Accordingly, the invention provides an unex- 
panded stent comprising a proximal end and a distal end 
in communication with one another, a tubular wall dis- 
posed between the proximal end and the distal end, the so 
tubular wall having a longitudinal axis and a porous sur- 
face defined by a plurality of rows of intersecting mem- 
bers, adjacent rows of intersecting members being in- 
terconnected by a series of longitudinal struts, the stent 
being expandable from a first, contracted position to a 55 
second, expanded position upon the application of a ra- 
dially outward force on the stent, 
said stent being characterised in that each longitudinal 
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strut comprises an arcuate flexure means disposed in 
spaced relation between adjacent rows of intersecting 
members to allow for substantially complementary ex- 
tension and compression of a diametrically opposed 
pair of the longitudinal struts upon flexure of the stent. 
[0019] Thus, in this aspect of the present invention, 
we have now discovered that the use of flexure means 
in the series of longitudinal struts leads to a very desir- 
able balance of lateral flexibility of the unexpanded stent 
and radial rigidity of the expanded stent. Practically, the 
flexure means confers lateral flexibility to the unexpand- 
ed stent by allowing diametrically opposed pairs of the 
longitudinal struts to undergo substantially complemen- 
tary extension and compression. If one considers a stent 
in a flexed state, a first longitudinal strut disposed at the 
tangent of the bend (i.e. in two dimensions) will expand 
in response to the bending moment. In contrast, a sec- 
ond longitudinal strut disposed diametrically opposite 
(this can mean above, below or in the same radial plane 
as) the first longitudinal strut will compress in response 
to the bending moment. Generally, the degree of exten- 
sion and compression will be substantially complemen- 
tary. In other words, in most cases, the first longitudinal 
strut will expand and lengthen a first distance and the 
second longitudinal strut will compress and shorten a 
second distance. Preferably, the first distance is greater 
than the second distance and most preferably, the sum 
of the first distance and the second distance is substan- 
tially equal to the sum of the original lengths of the first 
longitudinal strut and the second longitudinal strut. 
[0020] The specific shape of the flexure means dis- 
posed in the longitudinal strut is not particularly restrict- 
ed provided that it confers lateral flexibility to the unex- 
panded stent by allowing diametrically opposed pairs of 
the longitudinal struts to undergo substantially comple- 
mentary extension and compression. The term "diamet- 
rically opposed pairs of the longitudinal struts", as used 
in this specification, is intended to have a broad mean- 
ing. Thus, the "pair" can include opposed struts in the 
same horizontal plane (i.e. the same ring of polygons) 
or in different horizontal planes (e.g. one strut in a first 
ring of polygons and the other diametrically opposed 
strut in a second ring of polygons above or below the 
first ring). Preferably, the flexure means comprises at 
least one lateral section disposed in the longitudinal 
strut, more preferably at least a first lateral section and 
a second lateral section disposed in the longitudinal 
strut. By "lateral section" is meant a section of the lon- 
gitudinal strut which is bowed in or out of (i.e. radially 
from) the strut. The apex of the lateral section may be 
rounded. When the flexure means comprises a first lat- 
eral section and a second lateral section, the two sec- 
tions may be symmetric or asymmetric (in the case of 
asymmetric this includes two sections of the same 
shape but different size and two sections of different and 
size). Further, when the flexure means comprises a first 
lateral section and a section lateral section, the sections 
may be bowed in the same or opposite direction. 
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[0021] A particularly preferred embodiment of the 
flexure means comprises a sinusoidal orS-shaped sec- 
tion (various examples of such a section are illustrated 
herein and discussed below). Preferably, the sinusoidal 
or S-shaped section is adjacent the second apex of the s 
polygon and the remaining portion of the strut is sub- 
stantially straight. This feature improves the lateral flex- 
ibility of the stent thereby facilitating implantation thereof 
and may further mitigate longitudinal shortening of the 
stent upon expansion. w 
[0022] In another preferred embodiment, at least one, 
more preferably both, of the side walls (i.e. longitudinal 
struts) of the polygon comprises the sinusoidal or S- 
shaped section. Preferably, the sinusoidal or S-shaped 
section is disposed at an end of the side wall. This tea- 15 
ture improves the lateral flexibility of the stent thereby 
facilitating implantation thereof and may further mitigate 
longitudinal shortening of the stent upon expansion. 
[0023] When a sinusoidal or S-shaped portion is dis- 
posed in the side walls and/or the strut connecting the 20 
first apex and the second apex (if present), the precise 
shape of the portion is not particularly restricted and 
generally takes the form of an "S". Thus, the sinusoidal 
or S-shaped portion may be comprised of a pair of joined 
curved sections wherein each curved section has an arc 25 
of about 180° - i.e. this is illustrated in Figure 8 of the 
present application. The term "arc" denotes the angle 
from one end of the curved section to the other about 
the radical point of the curved section. Alternatively, the 
sinusoidal or S-shaped portion may be comprised of a 30 
pair of joined curved sections wherein each curved sec- 
tion has an arc of greater than 180° - this is illustrated 
in Figure 9 of the present application. Further, the pair 
of joined curved sections can be of the same size (this 
is illustrated in Figures 8 and 9 of the present applica- 35 
tion) or of differing size (this is illustrated in Figure 10 of 
the present application), the latter being the most pre- 
ferred embodiment. 

[0024] Preferably, the series of longitudinal struts con- 
taining the flexure means comprises all substantially 40 
longitudinal struts comprised in the plurality of intersect- 
ing members making up the porous surface of the stent. 
[0025] Preferably, the intersecting members are ar- 
ranged to define a first repeating pattern comprised of 
a polygon having a pair of side walls substantially par- 45 
ailel to the longitudinal axis (i.e. a pair of the above-men- 
tioned longitudinal struts comprising flexure means), a 
concave-shaped first wall having a first apex and a con- 
vex-shaped second wall having a second apex connect- 
ing the side walls. As used throughout this specification, so 
the terms "concave-shaped" and "convex-shaped" are 
intended to have a broad meaning and a shape having 
apex. Thus, the first wall has a first apex and the second 
wall has a second apex. Thus, the first apex (i.e. of the 
concave-shaped first wall) is directed into the polygon 55 
whereas the second apex (i.e. of the convex-shaped 
second wall) is directed away from the polygon. 
[0026] Preferably, the present invention relates to an 
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expandable stent comprising a proximal end and a distal 
end in communication with one another, a tubular wall 
disposed between the proximal end and the distal end, 
the tubular wall having a longitudinal axis and a porous 
surface defined by a plurality of intersecting members 
arranged to define a first repeating pattern comprised of 
a polygon having a pair of side walls substantially par- 
allel to the longitudinal axis, each side wall comprising 
the arcuate flexure means described above, a concave- 
shaped first wall having a first apex and a convex- 
shaped second wall having a second apex, the first wall 
and the second wall connecting the side wails, at least 
one of the first apex and the second apex being sub- 
stantially flat, the stent being expandable from a first, 
contracted position to a second, expanded position up- 
on the aplication of a radially outward force on the stent. 
[0027] In this preferred aspect of the invention, it is 
has been discovered that the use of such a first repeat- 
ing pattern (including at least one of the first apex and 
second apex being substantially flat) results in an im- 
proved stent. The advantages associated with the use 
of such a such a first repeating pattern include the fol- 
lowing: 

1 . the force required to expand the stent is substan- 
tially reduced; 

2. the stent is subjected to less traumatic stress dur- 
ing expansion; 

3. plastic deformation of the stent during expansion 
is facilitated; 

4. construction of the stent is facilitated; and 

5. upon expansion of the stent, warpage of the first 
apex and the second apex is obviated or mitigated. 

[0028] The provision of at least one of the first apex 
and the second apex being substantially flat usually re- 
sults in the apex of the concave-shaped first wall and/ 
or the convex-shaped second wall having a pair of 
shoulders. Preferably, these shoulders are rounded. 
The provision of such round shoulders results in the fol- 
lowing additional advantages: 

6. mitigation of potential trauma to the target body 
passageway from: (i) endoluminal contents within 
the passageway, and (ii) the contours of the pas- 
sageway; 

7. the resulting expanded stent is more stream-lined 
and flow-directed which mitigates potential trauma 
to the target body passageway; 

8. further reduction in the force required to expand 
the stent; 

9. an improved stent expansion ratio is achieved (i. 
e. ratio of expanded stent diameter at maximum ex- 
pansion to unexpanded stent diameter); 

10. upon expansion of the stent, the concave- 
shaped first wall and the convex-shaped second 
wall are in a substantially orthogonal relationship to 
the longitudinal axis thereby improving the rigidity 
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of the stent (this is very important to mitigate the 
occurrence of stent recoil); and 
11 . the pattern of the expanded stent improves the 
rheology of fluid flow in the body passageway. 

[0029] When the stent of the present invention in- 
cludes the above-mentioned first repeating pattern, it is 
preferred to provide a connecting strut between the first 
apex and the second apex. Generally, the connecting 
strut will be substantially longitudinal (i.e. it will be par- 
allel to the longitudinal axis of the stent). This feature 
mitigates lifting of the shoulders referred to above as the 
stent is flexed, for example, when passing the stent 
through a curved body passageway. The result of this 
is that potential trauma to the body passageway is mit- 
igated since scraping of the body passageway by the 
shoulders is mitigated. 

[0030] In a preferred embodiment, the connecting 
strut is curved with respect to the longitudinal axis (this 
is described and illustrated hereinbelow). Preferably, 
the strut is sufficiently curved to have a length of up to 
about 35%, more preferably up to about 15%, even 
more preferably in the range of from about 2% to about 
8%, most preferably in the range of from about 3% to 
about 7%, greater than the distance between the first 
apex and the second apex. This feature improves the 
lateral flexibility of the stent thereby facilitating implan- 
tation thereof. The curvature may be designed to com- 
prise the flexure means discussed above. In other 
words, the shape of the curvature may be designed sub- 
stantially complementary extension and compression of 
the connecting strut upon flexure of the stent. 
[0031] Yet another preferred feature of the stent of the 
present invention is the provision of one or both of the 
side walls of the polygon of the repeating pattern being 
curved. Preferably, both side walls are curved. More 
preferably the curvature serves as flexure means as de- 
scribed above. Ideally, the curved side wall has length 
of up to about 35%, more preferably up to about 15%, 
even more preferably in the range of from about 2% to 
about 8%, most preferably in the range of from about 
3% to about 7%, greater than the distance between the 
termini of the concave-shaped first wall and the con- 
cave-shaped second wall. This feature improves the lat- 
eral flexibility of the strut thereby facilitating implantation 
thereof. 

[0032] Preferably, both the strut and the side walls are 
curved. More preferably, each of the curved members 
are of substantially the same length. 
[0033] Yet another preferred feature of the stent of the 
present invention is, in addition to the strut and side 
walls of the polygon being curved, the provision of all 
longitudinal walls of the polygon of the repeating pattern 
being curved. Thus, in this embodiment of the invention, 
the concave-shaped first wall comprises a pair of curved 
first apex walls connecting the first apex and the side 
walls of the polygon, and the convex-shaped second 
wall comprises a pair of curved second apex walls con- 



necting the second apex and the side walls of the poly- 
gon. Again, the curvature may be designed to comprise 
the flexure means discussed above. Ideally, the curved 
first apex walls and the curved second apex walls each 

s have a length of up to about 35%, more preferably up 
to about 15%, even more preferably in the range of from 
about 2% to about 8%, most preferably in the range of 
from about 3% to about 7%, greater than the straight (i. 
e. non-curved) distance between the first apex and the 

10 side walls, and the second apex and the side walls, re- 
spectively. In this embodiment, it is further preferred to 
have substantially all adjacent curved walls in an annu- 
lar section of the repeating pattern (i.e. of the struts, first 
apex wall, second apex wall and side walls) are sub- 
's stantially equidistant from one another. This preferred 
feature of the stent of the present invention even further 
enhances the lateral flexibility of the stent thereby fur- 
ther facilitating implantation thereof. 
[0034] Yet another preferred feature of the stent of the 

20 present invention is provision of a porous surface com- 
prising multiple designs. Specifically, in certain cases, it 
may be desirable to design the stent to varying degrees 
of relative flexibility and rigidity along the length thereof. 
Thus, the relatively flexible portion (s) of such a stent 

25 would facilitate delivery of the stent to a target body pas- 
sageway through a relatively tortuous route, while the 
relatively rigid portion (s) of the stent serves facilitate 
maintaining the patency of the body passageway. As will 
be discussed in more detail hereinbelow, this may be 

30 achieved by varying the repeating pattern design along 
the longitudinal length of the stent. 
[0035] An aspect of the present invention relates to 
the provision of an expandable bifurcated stent. As used 
throughout this specification, the term "bifurcated stent" 

35 is intended to have a broad meaning and encompasses 
any stent having a primary passageway to which is con- 
nected at least two secondary passageways. Thus, tri- 
furcated stents are encompassed herein. Further, one 
of the secondary passageways can be a continuation of 

40 the primary passageway with the result that the other 
secondary passageway is essentially a side branch to 
the primary passageway. 

[0036] The stent of the present invention (bifurcated 
or mono-tubular) can further comprise coating material 

45 thereon. The coating material can be disposed continu- 
ously or discontinuously on the surface of the stent. Fur- 
ther, the coating may be disposed on the interior and/or 
the exterior surface(s) of the stent. The coating material 
can be one or more of a biologically inert material (e.g. 

so to reduce the thrombogeiticity of the stent), a medicinal 
composition which leaches into the wall of the body pas- 
sageway after implantation (e.g. to provide anticoagu- 
lant action, to deliver a pharmaceutical to the body pas- 
sageway and the like) and the like. 

55 [0037] The stent is preferably provided with a biocom- 
patible containing, in order of minimize adverse interac- 
tion with the walls of the body vessel and/or with the 
liquid, usually blood, flowing through the vessel. The 



5 



9 



EP 0 888 093 B1 



10 



coating is preferably a polymeric material, which is gen- 
erally provided by applying to the stent a solution or dis- 
persion of preformed polymer in a solvent and removing 
the solvent. Non-polymeric coating material may alter- 
natively be used. Suitable coating materials, for in- 
stance polymers, may be polytetraflou methylene or sil- 
icone rubbers, or polyurethanes which are known to be 
biocompatible. Preferably however the polymer has 
zwitterionic pendant groups, generally ammonium 
phosphate ester groups, for instance phosphoryl 
choline groups or analogues thereof. Examples of suit- 
able polymers are described in International application 
number WO-A-93/16479 and WO-A-93/15775. Poly- 
mers described in those specifications are hemo-com- 
patible as well as generally biocompatible and, in addi- 
tion, are lubricious. It is important to ensure that the sur- 
faces of the stent are completely coated in order to min- 
imize unfavourable, interactions, for instance with 
blood, which might lead to thrombosis. 
[0038] This good coating can be achieved by suitable 
selection of coating conditions, such as coating solution 
viscosity, coating technique and/or solvent removal 
step. 

[0039] In another embodiment of the invention, the 
stent may be joined to a polymer material. Specifically, 
a polymer material may be extruded onto the stent in 
such a manner that it envelops at least a portion of the 
stent. This technique may be used to join two or more 
stents with a flexible polymeric tube. This technique may 
also be used to join a stent to another prosthetic device 
such as a tube, a graft and the like. Thus, in this embod- 
iment of the invention, the stent is incorporated into an 
endoluminal prosthesis. 

[0040] In yet another embodiment of the invention, the 
stent may be secured (e.g. by suturing) to an existing 
endoiuminal prosthesis such as Goretex™ material or 
to biological material such as basilic vein. In this regard, 
securing of the stent to the existing endoluminal pros- 
thesis or biological material may befacilitated by design- 
ing the stent such that an end of the stent comprises an 
annular row of the above-mentioned polygons is having 
a convex-shaped wall with a flat apex. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] Embodiments of the present invention will be 
described with reference to the accompanying drawings 
wherein like numerals designate like parts and in which: 
Figure 1 illustrates an exploded perspective view of a 
mono-tubular stent prior to expansion; 

Figure 1 A illustrates an exploded view of a portion 
of the stent Illustrated in Figure 1 ; 
Figures 2-10 each illustrate a two dimensional rep- 
resentation of various embodiments (not to relative 
scale) of a repeating pattern useful in the stent of 
the present invention; 

Figure 11 illustrates an ostial stenosis to which a 



preferred embodiment of the invention may be ap- 
plied; and 

Figures 12a-12d illustrate various embodiments of 
flexure means (in two dimensions) which may be 
5 disposed in the longitudinal struts of preferred em- 

bodiments of the present stent. 

BEST MODE FOR CARRYING OUT THE INVENTION 

w [0042] While the specific stent designs illustrated in 
Figures 1 -7 are not covered by the present claims, a dis- 
cussion thereof will be presented for the purpose of fa- 
cilitating an understanding of the preferred embodi- 
ments of the present invention which are discussed 
hereinbelow with respect to the specific stent designs 
illustrated in Figures 8-1 1 and to the modifications to the 
flexure means illustrated in Figures 12a-12d. 
[0043] With reference to Figure 1 , there is illustrated 
a stent 10. Stent 1 0 comprises a proximal end 15 and a 
distal end 20. Stent further comprises a tubular wall 25 
disposed between proximal end 15 and distal end 20. 
As illustrated, tubular wall 25 is porous. The porosity of 
tubular wall 25 is defined by a plurality of intersecting 
members 30. Intersecting members 30 define a first re- 
peating pattern designated A in Figure 1 . 
[0044] As illustrated and with further reference to Fig- 
ure 1A, repeating pattern A is a polygon comprising a 
pair of side walls 35,40. Side walls 35,40 are substan- 
tially parallel to a longitudinal axis 45 of stent 10 and 
thus side walls 35,40 may be considered to be longitu- 
dinal struts (indeed with reference to each of the draw- 
ings, side walls may also be considered to be longitudi- 
nal struts). Side walls 35,40 are connected by a con- 
cave-shaped wall 50 and a convex-shaped wall 60. 
[0045] As illustrated, concave-shaped wall 50 is made 
up of a trio of segments 52,54, 56. In the illustrated em- 
bodiment, segment 54 is the apex of concave-shaped 
wall 54. As is evident, segment 54 is a flat apex and 
results in the provision of a pair of substantially square 
shoulders 57,58 Convex-shaped wall 60 is made up of 
a trio of segments 62,64,66. In the illustrated embodi- 
ment, segment 64 is the apex of convex-shaped wall 60. 
[0046] It will be appreciated by those of skill in the art 
that the provision of first repeating pattern A, as illustrat- 
ed, necessarily defines and provides for a second re- 
peating pattern B. It will also be appreciated by those of 
skill in the art that second repeating pattern B is a mirror 
image of first repeating pattern A taken along an axis 
(not shown) substantially normal to longitudinal axis 45. 
Thus, in the illustrated embodiments, adjacent rows of 
repeating pattern A and repeating pattern B may be con- 
sidered to be interlocking polygons or "arrowheads". 
[0047] It will be further appreciated by those of skill in 
the art that the shape of concave-shaped wall 50 and/ 
or convex-shaped wall 60 can be modified without de- 
parting from the function and performance of the stent 
provided that at least one of concave-shaped wail 50 
and convex-shaped wall 60 retain a substantially flat 
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apex. For example, the trio of segments can be replaced 
by a suitably curved or arcuate wall. Alternatively, more 
than three segments can be used to define concave- 
shaped wall 50 and/or convex-shaped wall 60. Other 
modifications will be apparent to those of skill in the art. 
[0048] It will be further appreciated by those of skill in 
the art that various walls of first repeating pattern A and 
second repeating pattern B may be omitted (and even 
desired) at selected points along the body of the stent 
without departing from the spirit and scope of the inven- 
tion. For example, it is possible to omit one or both of 
side walls 35 and 40 at selected points along the body 
of the stent with a view to improving the longitudinal flex- 
ibility of the stent. Further, it is possible to omit one or 
more of segments 62,64,66 at selected points along the 
body of the stent with a view to improving the lateral flex- 
ibility of the stent. 

[0049] Still further, the stent depicted in Figure 1 can 
be modified to omit, on a selected basis, first repeating 
pattern A and/or second repeating pattern B with a view 
to improving flexibility of the stent and to allow access 
to other structures (e.g. side branches/arteries) outside 
the bounds of the stent. 

[0050] With reference to Figures 2-1 0, there are illus- 
trated a number of preferred embodiments of repeating 
pattern A. For the sake of clarity, numerals in Figures 
2-8 have the same final two digits as the corresponding 
numerals in Figure 1 Thus, for example, the concave- 
shaped wall is depicted as element 50 in Figure 1 , ele- 
ment 150 in Figure 2, element 250 in Figure 3, etc. 
[0051] Thus, as illustrated in Figure 2, repeating pat- 
tern A is comprised of a concave-shaped wall 150 and 
a convex-shaped wall 1 60, the former having a flat apex. 
Further, as illustrated, concave-shaped wall 150 and 
convex-shaped wall 1 60 are not equidistant along an ax- 
is orthogonal to the longitudinal axis of the stent (not 
shown). Thus, in this embodiment, the flat apex in con- 
cave-shaped wall 150 has been modified such that it 
comprises a pair of substantially rounded shoulders 
157,158. 

[0052] With reference to Figure 3, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 

3, the flat apex of concave-shaped wall 250 has been 
modified to provide a pair of rounded shoulders 
257,258. Further, a strut 270 has been added to connect 
segment 254 of concave-shaped wall 250 and segment 
264 of convex-shaped wall 260. As illustrated, strut 270 
is thinner in dimension that any of the segments making 
up concave-shaped wall 250 and convex-shaped wall 
260. Thus, strut 270 may be considered as a relatively 
thin retention wire which reconciles the need for retain- 
ing flexibility in the strut with mitigating lifting of rounded 
shoulders 257,258 when the stent is delivered to the tar- 
get body passageway through a relatively tortuous 
route. 

[0053] With reference to Figure 4, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 

4, the flat apex of concave-shaped wall 350 has been 



modified to provide a pair of rounded shoulders 
357.358. Further, a curved strut 370 has been added to 
connect segment 354 of concave-shaped wall 350 and 
segment 364 of convex-shaped wall 360. 
5 [0054] With reference to Figure 5, repeating pattern 
A is similar to the one illustrated in Figure 1. In Figure 

5, the flat apex of concave-shaped wall 450 has been 
modified to provide a pair of rounded shoulders 
457,458. Further, a curved strut 470 has been added to 

10 connect segment 454 of concave-shaped wall 450 and 
segment 464 of convex-shaped wall 460. Further, side 
walls 435,440 are also curved. As discussed above, 
since side walls 435,440 are bowed in opposite direc- 
tions in adjacent rows of repeating pattern A and B, sub- 
's stantially diametric side walls in adjacent rows will func- 
tion as the flexure means described above. 
[0055] With reference to Figure 6, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 

6, concave-shaped wall 550 has been modified to have 
a flat apex 554 having a pair of rounded shoulders 
557,558 and convex-shaped wall 560 has been modi- 
fied also to have a flat apex 564 having a pair of rounded 
shoulders 567,568. Further, a curved strut 570 has been 
added to connect flat apex 554 of concave-shaped wall 
550 and flat apex 564 of convex-shaped wall 560. Fur- 
ther, side walls 535,540 are also curved. 
[0056] With reference to Figure 7, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 

7, concave-shaped wall 650 has been modified to have 
a flat apex 654 having a pair of rounded shoulders 
657,658 and convex-shaped wall 660 has been modi- 
fied also to have a flat apex 664 having a pair of rounded 
shoulders 667,668. Further, a curved strut 670 has been 
added to connect flat apex 654 of concave-shaped wall 
650 and flat apex 664 of convex-shaped wall 660. Fur- 
ther, side walls 635,640 are also curved. Still further, 
walls 661 ,662 which connect flat apex 664 to side walls 
635,640, respectively, and walls 651 ,652 which connect 
flat apex 654 to side walls 635,640, respectively, are 
each curved. It is believed that this design even further 
enhances the lateral flexibility of the stent. 
[0057] With reference to Figure 8, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 
7, concave-shaped wall 750 has been modified to have 
a flat apex 754 having a pair of rounded shoulders 
757,758 and convex-shaped wall 760 has been modi- 
fied also to have a flat apex 764 having a pair of rounded 
shoulders 767,768. Further, a strut 770 has been added 
to connect flat apex 754 of concave-shaped wall 750 
and flax apex 764 of convex-shaped wall 760. Further, 
side walls 735,740 have been modified to include a si- 
nusoidal (or S-shaped) portion 736,741, respectively, 
adjacent convex-shaped wall 760. Further, strut 770 has 
been modified to include a sinusoidal (or S-shaped) por- 
tion 771 adjacent flat apex of concave-shaped wall 750. 
This design even further enhances the lateral flexibility 
of the stent. 

[0058] With reference to Figure 9, repeating pattern 
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A is similar to the one illustrated in Figure 1. In Figure 

9, concave-shaped wall 850 has been modified to have 
a flat apex 854 having a pair of rounded shoulders 
857,858. Further, side walls 835,840 have been modi- 
fied to include a pair of sinusoidal (orS-shaped) portions 
836,841, respectively, adjacent convex-shaped wall 
860. This design further enhances the lateral flexibility 
of the stent illustrated in Figure 2. It should be noted that 
each sinusoidal (orS-shaped) portion 836,841 in Figure 
9 comprises a pair of adjoined curved sections wherein 
each curved section has an arc of greater than 180° - 
another way to conceptualize this is a pair of link omega- 
shaped sections (cf . with the curved sections of sinusoi- 
dal (or S-shaped) portions 736,741 ,771 in Figure 8). 
[0059] With reference to Figure 10, repeating pattern 
A is similar to the one illustrated in Figure 1 . In Figure 

1 0, concave-shaped wall 950 has been modified to have 
a flat apex 954 having a pair of rounded shoulders 
957,958. Further, a strut 970 has been added to connect 
flat-apex 954 of concave-shaped wall 950 and segment 
964 of convex-shaped wall 960. Further, side walls 
935,940 have been modified to include a pair of sinu- 
soidal (or S-shaped) portions 936,941 , respectively, ad- 
jacent convex-shaped wall 960. Further, strut 970 has 
been modified to include sinusoidal (or S-shaped) por- 
tion 971 adjacent flat apex of concave-shaped wall 950. 
It should be noted that each sinusoidal (or S-shaped) 
portion 936,941 ,971 in Figure 1 0 comprises a pair of ad- 
joined curved sections wherein each curved section has 
an arc of greater than 180°. Further, the curved sections 
in sinusoidal (or S-shaped) portions 936,941 are of the 
same size, whereas the curved sections in sinusoidal 
(or S-shaped) portion 971 are of different size. A distinct 
advantage of the interspersion of sinusoidal (or S- 
shaped) portions 936,941 and sinusoidal (or S-shaped) 
portion 971 is that substantially uniform radial expansion 
of all segments in this stent will occur without specific 
regard to the expansion forces generated by the balloon 
or other means used to deploy the stent. Further, this 
design minimizes the force (e.g. pressure from a bal- 
loon) required to expand the stent. Still further, this de- 
sign enhances the lateral flexibility of the stent. 
[0060] As will be apparent to those of skill in the art, 
sinusoidal (or S-shaped) portion 971 is offset with re- 
spect to sinusoidal (or S-shaped) portions 936,941 in a 
panel horizontal to the longitudinal axis of repeating pat- 
tern A. The offset nature of these sinusoidal (or S- 
shaped) portions serves to increase the bending points 
in the stent allowing the stent to bend while avoiding 
buckling thereof. Thus, the staged distribution of the si- 
nusoidal (or S-shaped) portions over a large portion of 
the surface area of the stent serves to improve the flex- 
ibility of the stent. 

[0061] The advantages of the various alternate em- 
bodiments illustrated in Figures 2-10 are discussed 
hereinabove. 

[0062] As discussed above, the use of flexure means, 
such as the sinusoidal (or S-shaped) portions in the de- 



sign of the stents illustrated in Figures 8-10, in the lon- 
gitudinal struts in the stent design provides the benefit 
of improved flexibility of the stent in the unexpanded 
state. Specifically, during flexure of the stent, provision 
5 of such a feature allows the inner stent surface adjacent 
the bend to compress while concurrently allowing the 
outer stent surface adjacent the bend to extend, all while 
maintain substantially intact the integral strength of stent 
and avoiding buckling of the stent. 
10 [0063] Accordingly the provision of such flexure 
means in the longitudinal struts of an otherwise general 
stent design is another feature of invention. With refer- 
ence to Figures 1 2a-1 2d there are illustrated various al- 
ternatives of bowed lateral sections which can be used 
in place of sinusoidal (or S-shaped) portions 
736,741 ,771 in Figure 8, sinusoidal (or S-shaped) por- 
tions 836,841 in Figure 9 and sinusoidal (or S-shaped) 
portions 936,941,971 in Figure 10. 
[0064] The flexure means illustrated in Figure 12a 
may be considered to be a single omega, whereas that 
illustrated in Figure 12b may be considered to be an in- 
line (and unlinked) double omega and that illustrated in 
Figure 12c may be considered to be an opposed (and 
unlinked) double omega. The flexure means illustrated 
in Figure 1 2d may be considered to be an opposed ome- 
ga (facilitates extension)/U-joint (facilitates compres- 
sion). Other specific designs which are with the spirit 
and scope of the present invention will be apparent to 
those of skill in the art. 

[0065] Those of skill in the art will recognize that it is 
possible to combine various of the alternate embodi- 
ments illustrated in Figures 2-1 0 and 1 2 to derive further 
designs which are still within the spirit and scope of the 
present invention. Specifically, a preferred embodiment 
of the present invention involves combining various 
ofthe repeating patterns illustrated in Figures 2-10 to 
achieve a stent with relatively flexible and rigid regions, 
for example, as follows: 
F-R 
F-R-F 
R-F-R 

wherein F is a relatively flexible region and R is a rela- 
tively rigid region. With reference to the embodiments 
illustrated in Figures 1-10, the trackability of the stent 
through a tortuous pathway is enhanced from the design 
illustrated in Figure 1 progressively through to the de- 
sign illustrated in Figure 10. For example, an embodi- 
ment of the invention is a stent comprising a first section 
incorporating the design of Figure 1 0 and a second sec- 
tion incorporating the design of Figure 9. It is believed 
that such a multi-sectional design provides a very desir- 
able combination of lateral flexibility (primarily from the 
design of Figure 9) with post-expansion radial rigidity 
(primarily from the design of Figure 10). 
[0066] Another technique by which the relative flexi- 
bility/rigidity may be varied along the length of the stent 
involves varying the thickness of the segments making 
up the polygon discussed hereinabove. Specifically, the 
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thickness of the segments may be varied in the range 
of from about 0.001 5 to about 0.0045 inches, preferably 
from about 0.0020 to about 0.0040 inches. The lower 
the thickness in this range, the more flexible the result- 
ing stent design. Conversely, the higher the thickness in 
this range, the less flexible the resulting stent design. 
Thus, by judicious selection of segment thickness, the 
relative flexibility/rigidity of the stent may be varied along 
its length. 

[0067] The provision of a stent with a variable relative 
flexibility/rigidity along its length is believed to be novel, 
especially a stent comprising a single relatively flexible 
portion and a single relatively rigid portion (i.e. the F-R 
embodiment discussed above). Such a stent would find 
immediate use in a number of applications. For, exam- 
ple, such a stent would very desirable for implantation 
in an ostial stenosis (these typically occur in coronary 
arteries, vein grafts and renal arteries). In this regard, 
an ostial stenosis is illustrated in Figure 11 thereof. 
Thus, there is illustrated a right coronary cusp 1 05, a 
right coronary artery 110 and an ostial segment 115 of 
right coronary artery 110. As further illustrated a steno- 
sis 1 20 presents a narrowing of ostial segment 1 1 5. Ide- 
ally, a stent capable of implantation into such an ostial 
stenosis must be of sufficient rigidity after expansion to 
resist the elastic recoil of the ostial blockage (Region Y 
in Figure 11). However, a stent of such sufficient rigidity 
will be deficient since it will either: (i) be retarded in its 
advance along the artery due to the sharp bend in the 
right coronary artery (Region X in Figure 11); or (ii) 
traverse the sharp bend in the right coronary artery but 
subsequently straighten Region X of right coronary ar- 
tery 110 thereby increasing the likelihood of tearing the 
artery. Conversely, a stent of sufficiently flexibility to 
traverse the sharp bend in the right coronary artery (Re- 
gion X in Figure 1 1) is susceptible to recoil in the ostial 
right coronary artery (Region Y in Figure 11). Accord- 
ingly, to the knowledge of the Applicant, there is no 
known effective manner by which a stent may be used 
to treat an ostial stenosis of the type illustrated in Figure 
11. It is believed that a stent having variable relative ri- 
gidity/flexibility along its length as discussed above is a 
novel means by which an ostial stenosis may be treated. 
Figure 11 also serves to illustrated the substantially 
complementary extension and compression of longitu- 
dinal members in Region X of the right coronary artery. 
[0068] The manner by which the present stent is man- 
ufactured is not particularly restricted. Preferably, the 
stent is produced by laser cutting techniques applied to 
a tubular starting material. Thus, the starting material 
could be a thin tube of a metal or alloy (non-limiting ex- 
amples include stainless steel, titanium, tantalum, niti- 
nol, Elgiloy, NP35N and mixtures thereof) which would 
then have sections thereof cut out to leave repeating 
pattern A discussed above. Thus, the preferred design 
of the present stent is one of a tubular wall which is dis- 
tinct from prior art wire mesh designs wherein wire is 
conformed to the desired shape and welded in place. 



The preferred tubular wall design of the present stent 
facilitates production and improves quality control by 
avoiding the use of welds and, instead, utilizing specific 
cutting techniques. 

5 [0069] Preferably, the stent is coated with a solution 
of 1 :2 (mole) copolymer of (methacryloyloxy ethyl)-2- 
(trimethylammonium ethyl) phosphate inner salt with 
lauryl methacrylate in ethanol (as described in Example 
2 of International patent application WO-A-93/01221 ) as 

10 follows. The non-expanded stent may be placed in a 
tube having a slightly larger diameterthan the stent. The 
tube may then be filled with coating solution and the so- 
lution allowed to drain steadily from the tube to form a 
completely coated stent. Immediately thereafter a 

15 stream of warm air or nitrogen may be directed through 
the tube at a linear velocity of 0.1 .5 m/s at room temper- 
ature to 50°C for a period of 30 seconds to 5 minutes to 
dry the coating by evaporation of the ethanol solvent. 
[0070] As an alternative or in addition (on top or un- 

20 derneath) to this coating, a cross-linkable coating may 
be used consisting of a polymer of 23 mole% (methacry- 
loyloxy ethyl)-2-(trimethylammonium ethyl) phosphate 
inner salt, 47 mo!e% lauryl methacrylate, 5 mole% -ytri- 
methoxysilylpropyl methacrylate and 25 mole % of *yhy- 

25 droxypropyl methacrylate. This may be applied to the 
sent by the above described technique from a 5mg/ml 
ethanoic solution. The solution may be dried as de- 
scribed above and then cured by heating at 70 to 75°C 
for a period of at least about 1 hour, for instance over- 

30 night. This curing generally results in substantially com- 
plete reaction of the methoxy silyl groups, either with 
other methoxylsily groups or with hydroxy groups de- 
rived from the hydroxypropyl methacrylate monomer, 
driving off methanol. In one preferred embodiment the 

35 crosslinkable coating is applied to the cleared stent, 
cured and then a further coating of the lauryl methacr- 
ylate copolymer described above is applied. 
[0071 ] The coated stent may be sterilised by ethylene 
oxide, gamma radiation or electron beam and subse- 

40 quently mounted onto a balloon catheter for delivery. 
[0072] Stent 1 0 can be implanted using a convention- 
al system wherein a guidewire, catheter and balloon can 
be used to position and expand the stent. Implantation 
of mono-tubular stents such as stent 1 0 is conventional 

45 and within the purview of a person skilled in the art. See, 
for example, any one of United States patents 
4,733,665, 4,739,762, 5,035,706, 5,037,392, 
5,102,417, 5,147,385, 5,282,824, 5,316,023 and any of 
the references cited therein or any of the references cit- 

50 ed hereinabove. When the present stent is constructed 
as a bifurcated stent, it may be implanted using the pro- 
cedure outlined in the "997 patent application incorpo- 
rated herein by reference. Such a bifurcated stent may 
be manufactured, inter alia, by any of the methods dis- 
ss closed in the Canadian patent application number 
2,175,720 filed in Applicant's name on May 3, 1996. 
[0073] It will be apparent to those of skill in the art that 
implantation of stent 1 0 can be accomplished by various 
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other means. For example, it is contemplated that the 
stent can be made of a suitable material which will ex- 
pand when a certain temperature is reached. In this em- 
bodiment, the material may be a metal alloy (e.g. nitinol) 
capable of self-expansion at a temperature of at least 5 
about 30°C, preferably in the range of from about 30° 
to about 40°C. In this embodiment, the stent could be 
implanted using a conventional catheter and the radially 
outward force exerted on the stent would be generated 
within the stent itself. Further, stent 10 can be designed 10 
to expand upon the application of mechanical forces 
other than those applied by a balloon/catheter. For ex- 
ample, it is possible to implant stent 1 0 using a catheter 
equipped with a resisting sleeve or retaining membrane 
which may then be removed with the catheter once the is 
stent is in position thereby allowing the stent to expand. 
Thus, in this example, the stent would be resiliently com- 
pressed and would self-expanded once the compres- 
sive force (i.e. provided by the sleeve or membrane) is 
removed. 20 
[0074] As will be appreciated by those of skill in the 
art, repeating pattern A has been described herein- 
above and illustrated in Figure 1 in respect of a mono- 
tubular stent. Repeating pattern A and all of the features 
relating thereto illustrated in and described with refer- 25 
ence to Figures 1-10 (including modification to include 
the flexure means illustrated in Figures 12a-12d) is 
equally applicable to a bifurcated stent such as the one 
described and illustrated in the '997 application dis- 
cussed hereinabove. 30 
[0075] While this invention has been described with 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications of the illustrative embodiments, as well as 
other embodiments of the invention , will be apparent to 35 
persons skilled in the art upon reference to this descrip- 
tion. It is therefore contemplated that the appended 
claims will cover any such modifications or embodi- 
ments. 



Claims 

1. An unexpanded stent comprising a proximal end 
and a distal end in communication with one another, 45 
a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having a longi- 
tudinal axis and a porous surface defined by a plu- 
rality of rows of intersecting members (750, 760, 
850, 860, 950, 960), adjacent rows of intersecting so 
members being interconnected by a series of lon- 
gitudinal struts (735, 740, 770, 835, 840, 870, 935, 
940, 970), the stent being expandable from a first, 
contracted position to a second, expanded position 
upon the application of a radially outward force on ss 
the stent; 

characterised in that each longitudinal strut 
(735, 740, 770, 835, 840, 870, 935, 940, 970) com- 



prises an arcuate flexure means (736, 741 , 771 , 
836, 841, 936, 941, 971) disposed in spaced rela- 
tion between adjacent rows of intersecting mem- 
bers (750, 760, 850, 860, 950, 960) to allow for sub- 
stantially complementary extension and compres- 
sion of a diametrically opposed pair of the longitu- 
dinal struts (735, 740, 770, 835, 840, 870, 935, 940, 

970) upon flexure of the stent. 

2. The stent defined in claim 1 , wherein the arcuate 
flexure means (736, 741 , 771 , 836, 841 , 936, 941 , 

971 ) comprises at least one lateral section disposed 
in each longitudinal strut (735, 740, 770, 835, 840, 
870, 935, 940, 970). 

3. The stent defined in claim 2, wherein the at least 
one lateral section comprises a rounded apex. 

4. The stent defined in any one of claims 1 -3, wherein 
the arcuate flexure means (736, 741 , 771 , 836, 841 , 
936, 941 , 971) comprises a first lateral section and 
a second lateral section disposed in each longitudi- 
nal strut (735, 740, 770, 835, 840, 870, 935, 940, 

970) . 

5. The stent defined in claim 4, wherein the first lateral 
section and the second lateral section are symmet- 
ric. 

6. The stent defined in claim 4, wherein the first lateral 
section and the second lateral section are asym- 
metric. 

7. The stent defined in any one of claims 1 -6, wherein 
the plurality of intersecting members (750, 760, 
850, 860, 950, 960) are arranged to define a first 
repeating pattern (A) comprised of a polygon having 
a pair of side walls substantially parallel to the lon- 
gitudinal axis and the arcuate flexure means (736, 
741, 771, 836, 841, 936, 941, 971) is disposed in 
each of the side walls. 

8. The stent defined in any one of claims 1 -7, wherein 
the arcuate flexure means (736, 741 , 771 , 836, 841 , 
936, 941, 971) comprises an S-shaped portion 
(736, 741 , 771 , 771 , 836, 841 , 936, 941 , 971). 

9. The stent defined in claim 8, wherein the S-shaped 
portion (736, 741, 771, 771, 836, 841, 936, 941, 

971) comprises a pair of joined curved sections 
wherein each curved section has an arc of greater 
than 180°. 

10. The stent defined in claim 1, wherein the longitudi- 
nal strut (735, 740, 770, 835, 840, 870, 935, 940, 
970) comprises an arcuate flexure means (736, 
741, 771, 836, 841, 936, 941, 971) disposed be- 
tween a first straight section and a second straight 
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section. 

11. The stent defined in claim 10, wherein both of the 
first straight section and the second straight second 
are independent of points of intersection of the plu- 5 
rality of intersecting members (750, 760, 850, 860, 
950, 960). 

1 2. The stent defined in any one of claims 10-11, where- 
in the longitudinal struts (735, 740, 770, 835, 840, 10 
870, 935, 940, 970) are aligned in a spaced rela- 
tionship parallel to the longitudinal axis. 

13. The stent defined in any one of claims 1-12, wherein 

the series of longitudinal struts (735, 740, 770, 835, 15 
840, 870, 935, 940, 970) comprising the arcuate 
flexure means (736, 741 , 771 , 836, 841 , 936, 941 , 
971) includes all longitudinal struts in the porous 
surface. 

20 

14. The stent defined in claim 1, wherein each of the 
adjacent rows of intersecting members (750, 760, 
850, 860, 950, 960) comprise a plurality of apices 
(754, 764, 854, 954) which are interconnected by 
the series of longitudinal struts (735, 740, 770, 835, 25 
840, 870, 935, 940, 970). 

15. The stent defined in claim 14, wherein the apices 
(754, 764, 854, 954) are substantially flat. 

30 

16. The stent defined in claim 15, wherein each of the 
apices (754, 764, 854, 954) comprises a pair of 
rounded shoulders (757, 758, 767, 768, 857, 858, 
957, 958). 



PatentansprOche 

1 . Nicht-expandierter Stent mit einem proximalen und 
einem distalen Ende, die miteinander in Verbindung 40 
stehen, mit einer hulaenformigen Wand, die zwi- 
schen dem proximalen und dem distalen Ende an- 
geordnet ist und die eine Langsachse sowie eine 
porose Flache aufweist, definiert aus einer Mehr- 
zahl von Reihen von sich schneidenden Elementen 45 
(750, 760, 850, 860, 950, 960), wobei einanderbe- 
nachbarte Reihen sich schneidender Elemente 
durch eine Anzahl von Langsstreben (735, 740, 
770, 835, 840, 870, 935, 940, 970) miteinanderver- 
bunden sind, wobei der Stent bei Aufbringen einer so 
radial nach auBen gerichteten Kraft expandierbar 
ist zwischen einer ersten, zusammengezogenen 
Position zu einer zweiten, expandierten Position, 
dadurch gekennzeichnet, daB jede Langsstrebe 
(735, 740, 770, 835, 840, 670, 935, 940, 970) ein 55 
bogenformiges Biegeeiement (736, 741, 771, 836, 
841 , 936, 941 , 971 ) in einem Abstand zwischen ein- 
anderbenachbarten Reihen von sich schneidenden 



Elementen (750, 760, 850, 860, 950, 960) aufwei- 
sen, um eine im wesentlichen komplementare Aus- 
dehnung und Kompression von diametral einander 
gegenuberliegender Paare von Langsstreben (735, 
740, 770, 835, 840, 870, 935, 940, 970) bei Biegen 
des Stents zu ermoglichen. 

2. Stent nach Anspruch 1 , wobei das bogenformige 
Biegeeiement (736, 741 , 771 , 836, 841 , 936, 941 , 
971) wenigstens einen seitlichen Abschnitt auf- 
weist, der in jeder Langsstrebe (735, 740, 770, 835, 

840, 870, 935, 940, 970) angeordnet ist, 

3. Stent nach Anspruch 2, wobei der einzelne seitliche 
Abschnitt einen gerundeten Scheitel aufweist. 

4. Stent nach einem der Anspruche 1 bis 3, wobei das 
bogenformige Biegeeiement (736, 741, 771, 836, 
841 , 936, 941 , 971) einen ersten und einen zweiten 
seitlichen Abschnitt aufweist, angeordnet in jeder 
Langsstrebe (735, 740, 770, 835, 840, 670, 935, 

940, 970). 

5. , Stent nach Anspruch 4, wobei der erste und der 
zweite seitliche Abschnitt symmetrisch sind, 

6. Stent nach Anspruch 4, wobei der erste und der 
zweite seitliche Abschnitt asymmetrisch sind. 

7. Stent nach einem der Anspruche 1 bis 6, wobei die 
Mehrzahl von sich schneidenden Elementen (750, 
760, 850, 860, 950, 960) derart angeordnet sind, 
daB sie ein erstes, sich wiederholendes Muster (A) 
definieren, gebildet aus einem Polygon mit zwei 
Seitenwanden, die im wesentlichen parallel zur 
Langsachse verlaufen, und wobei das bogenformi- 
ge Biegeeiement (736, 741, 771, 836, 841, 936, 

941 , 971) in jeder Seitenwand angeordnet ist. 

8. Stent nach einem der Anspruche 1 bis 7, wobei das 
bogenformige Biegeeiement (736, 741, 771, 836, 
841 , 936, 941 , 971 ) einen S-formigen Teil (736, 741 , 
771 , 771 , 836, 841 , 936, 941 , 971) aufweist. 

9. , Stent nach Anspruch 8, wobei der S-formige Teil 
(736, 741 , 771 , 771 , 836, 841 , 936, 941 , 971) zwei 
zusammengefugte gekrummte Abschnitte auf- 
weist, deren jeder einen Bogen von mehr als 180° 
umfaBt. 

10. Stent nach Anspruch 1, wobei die Langsstrebe 
(735, 740, 770, 835, 840, 870, 935, 940, 970) ein 
bogenformiges Biegeeiement (736, 741, 771 , 836, 

841 , 936, 941 , 971 ) aufweist, angeordnet zwischen 
einem ersten und einem zweiten gradlinigen Ab- 
schnitt. 

1 1 . Stent nach Anspruch 1 0, wobei die beiden gradlini- 
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gen Abschnitte unabhangig von Schnittpunkten der 
Mehrzahl von slch schneidenden Elementen (750, 
760, 850, 860, 950, 960) angeordnet sind. 

12. Stent nach einem der Anspruche 10 oder 11, wobei 5 
die Langsstreben (735, 740, 770, 835, 840, 870, 
935, 940, 970) in einem Abstand parallel zur Langs- 
achse ausgerichtet sind. 

13. Stent nach einem der Anspruche 1 bis 12, wobei 10 
die Anzahl von Langsstreben (735, 740, 770, 835, 
840, 870, 935, 940, 970), umfassend bogenformige 
Biegeelemente (736, 741 , 771 , 836, 841 , 936, 941 , 

971 ) samtliche Langsstreben in der porosen Flache 
umfassen. 15 

14. Stent nach Anspruch 1 , wobei jede Reihe von sich 
schneidenden Elementen (750, 760, 850, 860, 950, 
960) eine Mehrzahl von Scheiteln (754, 764, 854, 
954) aufweist, die durch die Anzahl von Langsstre- 20 
ben (735, 740, 770, 835, 840, 870, 935, 940, 970) 
miteinander verbunden sind. 

15. Stent nach Anspruch 14, wobei die Scheitel (754, 
764, 854, 954) im wesentlichen flach sind. 25 

1 6. Stent nach Anspruch 1 5, wobei jeder Scheitel (754, 
764, 854, 954) zwei gerundete Schultern (757, 758, 
767, 768, 857, 858, 957, 958) umfaBt. 

30 

Revendlcations 

1 . Un extenseur vasculaire non expanse comprenant 
une extremity proximale et une extremity distale en 35 
communication Tune avec I'autre, une paroi tubulai- 
re disposee entre I'extremite proximale et I'extremi- 
te distale, la paroi tubulaire ayant un axe longitudi- 
nal et une surface poreuse definies par une plurality 
de rangees de pieces entrecroisees (750, 760, 850, 40 
860, 950, 960), des rangees adjacentes de pieces 
entrecroisees 6tant interconnects par une serie 
de piliers longitudinaux (735, 740, 770, 835, 840, 
870, 935, 940, 970), l'extenseur vasculaire etant ex- 
pansible a partir d'une premiere position contractee *s 
jusqu'a une seconde position expansee lors de rap- 
plication d'une force radiale vers I'exterieursur I'ex- 
tenseur vasculaire, caracteris£ en ce que chaque 
pilier longitudinal (735, 740, 770, 835, 840, 870, 
935, 940, 970) comprend des moyens de flexion ar- so 
ques (736, 741 , 771 , 836, 841 , 936, 941 , 971) dis- 
poses de facon espacee entre des rangees adja- 
centes de pieces entrecroisees (750, 760, 850, 860, 
950, 960) pour permettre une extension et une com- 
pression complementaires considerables d'une 55 
paire de piliers longitudinaux diametralement oppo- 
ses (735, 740, 770, 835, 840, 870, 935, 940, 970) 
lors de la flexion de I'extenseur vasculaire. 
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2. L'extenseur vasculaire defini dans la revendication 
1 , dans lequel les moyens de flexion arques (736, 
741 , 771 , 836, 841 , 936, 941 , 971 ) comprennent au 
moins une partie laterale disposed dans chaque pi- 
lier longitudinal (735, 740, 770, 835, 840, 870, 935, 
940, 970). 

3. L'extenseur vasculaire defini a la revendication 2, 
dans lequel au moins une partie laterale comprend 
un sommet arrondi. 

4. L'extenseur vasculaire defini dans Tune quelcon- 
que des revendications 1 a 3, dans lequel les 
moyens de flexion arques (736, 741 , 771 , 836, 841 , 
936, 941 , 971 ) comprennent une premiere partie la- 
terale et une deuxieme partie laterale disposees 
dans chaque pilier longitudinal (735, 740, 770, 835, 
840, 870, 935, 940, 970). 

5. L'extenseur vasculaire defini a la revendication 4, 
dans lequel la premiere partie laterale et la deuxie- 
me partie laterale sont sym§triques. 

6. L'extenseur vasculaire defini a la revendication 4, 
dans lequel la premiere partie laterale et la deuxie- 
me partie laterale sont asymgtriques. 

7. L'extenseur vasculaire defini dans Tune quelcon- 
que des revendications 1 a 6, dans lequel la plura- 
lity de pieces entrecroisees (750, 760, 850, 860, 
950, 960) sont disposers pour deTinir un premier 
motif repete (A) constitue d'un polygone presentant 
une paire de parois laterales sensiblement paralle- 
ls a I'axe longitudinal et les moyens deflexion ar- 
ques (736, 741 , 771 , 836, 841 , 936, 941 , 971 ) 6tant 
disposes dans chacune des parois laterales. 

8. L'extenseur vasculaire defini a Tune des revendica- 
tions 1 a 7, dans lequel les moyens de flexion ar- 
ques (736, 741 , 771 , 836, 841 , 936, 941 , 971 ) com- 
prennent une partie en forme de S (736, 741 , 771 , 
836, 841, 936, 941, 971). 

9. L'extenseur vasculaire defini a la revendication 8, 
dans lequel la partie en forme de S (736, 741 , 771 , 
836, 841, 936, 941, 971) comprend une paire de 
parties courbees jointes dans laquelle chaque par- 
tie courbee presente un arc sup6rieur a 1B0°. 

10. L'extenseur vasculaire defini a la revendication 1, 
dans lequel le pilier longitudinal (735, 740, 770, 835, 
840, 870, 935, 940, 970) comprend des moyens de 
flexion arques (736, 741 , 771 , 836, 841 , 936, 941 , 
971) disposes entre une premiere partie droite et 
une deuxieme partie droite. 

11. L'extenseur vasculaire defini a la revendication 10, 
dans lequel a la fois la premiere partie droite et la 
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deuxieme partie droite sont independantes des 
points de croisement de la plurality de places en- 
trecroisees (750, 760, 850, 860, 950, 960). 

1 2. L'extenseur vasculaire defini a Tune des revendica- 
tions 10 a 11, dans lequel les piliers longitudinaux 
(735, 740, 770, 835, 840, 870, 935, 940, 970) sont 
alignes de facon espacee parallele a I'axe longitu- 
dinal. 



16. L'extenseur vasculaire defini a la revendication 15, 
dans lequel chacun des sommets (754, 764, 854, 
954) comprend une paire d'epaulements arrondis 
(757, 758, 767, 768, 857, 858, 957, 958). 
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13. L'extenseur vasculaire defini a Tune des revendica- 
tions 1 a 12, dans lequel les series de piliers longi- 
tudinaux (735, 740, 770, 835, 840, 870, 935, 940, 
970) comprenant les moyens de flexion arques 
(736, 741 , 771 , 836, 841 , 936, 941 , 971 ) compren- 15 
nent tous les piliers longitudinaux dans la surface 
poreuse. 

14. L'extenseur vasculaire defini a la revendication 1, 
dans lequel chacune des rangees adjacentes de 20 
pieces entrecroisees (750, 760, 850, 860, 950, 960) 
comprend une pluralite de sommets (751 , 764, 854, 
954) qui sont interconnects paries series de piliers 
longitudinaux (735, 740, 770, 835, 840, 870, 935, 
940, 970). 25 

15. L'extenseur vasculaire d6f in i a ia revendication 14, 
dans lequel ies sommets (754, 764, 854, 954) sont 
sensiblement plats. 
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